Abstract. The shift towards sustainable use of renewable energy accompanied by noteworthy improvements in energy efficiency are considered as fundamental elements of energy transition, essential to the "smart city" concept as well. However, framing the role of the sustainable energy development in a mono-functional way does not allow for to use efficiently its multifunctional potential linked to sustainable development. As a result, the disconnection between energy and broader spatial and urban development agenda underplays the importance of potential synergy-effects between renewable energy production and-use and its localized context. The guiding narrative of this paper is that single although innovative solutions are insufficient and poor integration of sustainable energy-related initiatives creates barriers to achieve sustainability and limits potential synergies with their spatial context. Therefore, new demands on integrative and spatially sensitive approaches to the renewable energy development appear often catalysed by the implementation of the smart city concept and subsequent evolution of energy systems towards smart grids. This paper attempts to examine possible approaches to better understand how renewable energy systems and initiatives emerge, how to maintain and enhance them, and under which conditions they co-evolve with their unique context in a more structured and productive way towards the vision of smart city.
Introduction
The development and implementation of the smart city concept seems to one of the dominant issues in current urban agenda across Europe undergoing substantial shift from the high-tech based approach to the comprehensive concept of smart management of the resources (natural and human resources, technologies, knowledge…) of knowledge-based urban community. Energy, inherent part of every smart city concept is one of the most critical issues facing the EU today, being a headline issue of the climate change policy discussions as only few activities affect environment and economy as much and as continually as the production and use of energy. The more and more acute need of shifting towards more sustainable energy (SE) systems manifested by climate change and ever growing energy demand is considered as one of the major societal goals at global level. Innovations in the energy field together with broader and sustainable use of "clean energy" such as renewable energy sources (RES) accompanied by noteworthy improvements in energy efficiency are considered as one of the essential pillars of the climate change adaptation and mitigation efforts, also driving developments towards more sustainable cities -smart cities. While frequently used, the notion of "energy transition" towards more energy systems lacks a widely accepted definition as well as common grounds in terms of its implementation are absent Araújo 2014) . It seems evident that energy transition requires a fundamental, structural change in the way how we use and think about energy and it will take long time to unfold. This will most likely require re-organizing spatial structures, responsible institutions, governance structures and even much more, what in turn creates also new demands on novel, smart energyconscious approaches offered by spatial planning.
Small-scale, decentralized and community-driven SE initiatives are widely acknowledged to be a desirable feature of low carbon future, however, they face a range of challenges in the context of their integration into the physical and socioeconomic landscape which goes far beyond the municipal or regional competences. Framing the role of the SE concepts in a mono-functional way does not allow efficient use the multifunctional potential of SE (social, economic, environmental…) at multiple scale levels (local, regional, national etc.) . This results in the disconnection between energy and broader spatial development agenda, what also underplays the role of potential synergy-effects linked to implementation of SE concepts. Only the development and implementation of SE territorial concepts with emphasis on renewable energy deployment can react more properly on many profound questions about its benefits, limitations and negative impacts, which are necessarily associated with such "energy transition" in spatial contexts. Moreover, a transition towards sustainable energy can be envisioned as a long-term process that involves reconfiguring of dynamic spatial patterns of socio-economic and ecological landscape, what has often been neglected in relation to spatial development.
If we consider energy systems as complex socio-technical systems, the emergence and development of more sustainable energy systems will inevitably imply a careful consideration of their complex relationships with the territory along with their dynamics. Given this context, the notion of supra-local (regional) development is often under-appreciated when it comes to the development of SE and vice versa, so the integrative solutions and potential synergy between both domains are frequently omitted. However, cultural and political-economic factors co-evolve with changes to the quality, location, and environmental impact of energy resources and extensive changes in the energy mix have often underpinned social and geographical change (Jiusto 2009 ). Therefore, one of the assumptions guiding reported research is that "weak" spatial-structural and socio-economic integration of energy-related initiatives creates barriers to their potential synergy with sustainable development of the territory. On this basis, the capacity of local actors, communities, municipalities and regions to create, maintain or adopt innovative SE practices and translate them into the sustainable development is perceived as once of the major spatially embedded "qualities" to be followed by energy-conscious spatial planning that serves as a "toolkit" for making our settlements smarter. "Smart city" has gained its relevancy as a concept or a vision for a more sustainable development of cities and urban areas, yet has no universally accepted definition. Smart city is envisioned as having a high quality of life by excelling in multiple key areas -such as economy, mobility, environment, governance and, of course, energy -with improved efficiency of services to meet peoples' current and future needs. Considering that this concept inherently implies a transition (a widespreading and systemic innovation reshaping our cities), this paper suggests that it might be useful to learn from the transition management (TM) theory. In this context, TM provides a systemic view on change at all levels, its dynamics and complexity and thus exceeds "usual" smart city frameworks. TM provides a useful framework for considering the temporal aspects of (energy) transitions largely, but renders to be rather fuzzy on how it relates to other dimensions of space such as territorial or administrative spaces and their typologies (Smith et al. 2010) . Therefore, we attempt to take the perspective of spatial planning on the smart city-energy transition continuum in order to explore new insights on renewable energy development at the interface between local and regional level.
Spatial planning can be described as largely public-sector-led repertoire of activities to influence the future spatial distribution of activities, to enhance the integration between different sectors, to create a more rational territorial organization of land uses including the linkages between them, to balance demands for development with the need to protect the environment, and to achieve social and economic objectives. Spatial planning is regarded a key instrument for establishing long-term sustainable frameworks for social, environmental and economic development (European Commission 1999; United Nations 2008) and thus relates also to the concept of smart city. Arguably, spatial planning has for some time been ignorant of the complexity and traditionally has focused on well-defined and tame problems, operating within an atemporal framework (De Roo et al. 2012) . Often, solutions for the past problems has been sought rather than looking for flexibility and adaptability enhancing solutions. Therefore, making the connection between spatial planning and TM appears to be logical in order to foster their synergy as well as to address and at least minimize their shortcomings in relation to smart energy transition.
This can be the ground to provoke and challenge our understanding of the role of spatial planning in the context of smart city concepts and "smart energy transition", considered as a concept relying heavily on automation, information and communications technology (ICT), driven by both social and technological innovations. We need to place stronger emphasis on the relationship between spatial development and renewable energy development at the local and supra-local level (e.g. urban area -a city, its neighbourhoods and hinterland). In an attempt to bring complexity-based "transitions" science on boards, the idea of socio-technical energy systems (e.g. including smart grids) considered as complex adaptive systems is adopted. Under such circumstances, "hard infrastructure" for energy should be equally important in planning as dealing with non-technical aspects, which in turn involves building of soft infrastructure capacities. Crucial questions in this context are linked to the possibilities to rethink the nature and character of sustainable and lowcarbon (urban) development processes (e.g. smart city initiative) in a more productive way forward in the context of spatial planning practice.
Theoretical contexts
Among other things, changing nature and framing of spatial planning across all levels can be attributed to the recognition of the complexity, uncertainty and irreversibility, for example, demonstrated by the climate change awareness and its relationship to energy use and sustainable development ).
The place-based approach towards the sustainable energy systems based on the broader use of renewable energy can be built upon their territoriality and ability to build on specialized supra-local (regional) assets -efficient use of territorial capitalimplying careful utilization of available RES while considering their ubiquitous spatiality. The various forms of spatiality, territoriality, and decentralised character of RES constitute the premise of (relational) proximity between people, settlements and renewable energy technologies. This consideration becomes increasingly relevant in order to inform the spatial planning interventions more comprehensively and efficiently (Basta et al. 2012; Wolsink 2013) .
Indeed, the fact that RES have substantially different characteristics compared to fossil or nuclear fuels needs to be taken into account. While RES as one of the most common alternative energy source are projected to increase in the long run 1 , electricity supply based on these spatially dispersed and (in many cases) variable source of energy requires substantial land resources and their development involves complex reorganisation of the territory. The consideration of the fundamental differences in the socio-spatial distribution and socio-economic properties related to RES in contrast to high-carbon energy resources (fossil fuels) seems crucial.
Along with the concept of smart grids, RES are deemed as a viable alternative to the conventional, rather centralised energy systems based on the fossil-fuels. However, incumbent high-carbon energy systems with their underlying infrastructure (understood in a broad sense) have evolved gradually over decades and thus are strongly established and can prove resilient to changes. And in order to meet the basic goals of a smart city, it is evident that traditional power systems will need to undergo a complex, gradual transition towards a more sustainable, more decentralized sociotechnical systems that will be indeed more "smart".
One of the practical responds to current challenges within the sustainable energy research and practice that has been largely adopted also in the concept of smart city is the ongoing evolution towards smart grids 2 . Basically, smart grids are envisioned as socio-technical energy networks, where consumers become more autonomous -they become prosumers (e.g. they produce energy from RES, supply the grid and consume electricity while possessing improved information, control and choice) and interact with the grid (e.g. via smart meters) -enabling a two-way flow of energy and information. The main idea behind smart grid solutions is that they are designed to counteract the natural disadvantages of RES through improved grid integration and interaction between actors (market, generation, distribution and transmission utilities, end-users, consumers etc. are integrated particularly through ICT). The potential benefits associated with smart grids are in line with the idea of smart city: they are designed to bring improved grid stability, security, efficiency and reliable integration of RES that are largely variable in time and space at both large and smaller scales (Giordano et al. 2011; Kempener et al. 2013) . In this regard, the need for careful consideration of the relationship between renewable energy, its potential integration within the (smart) power grid and their localised context needs to be taken into account and investigated in more detail (Solomon et al. 2003; Bagliani et al. 2010) .
A "technical" perspective on development, which often dominates in our planning approaches, proves to be seriously limited and rather ossified when it comes to dealing with the complex web of relationships between actors and networks in physical, socio-economic, institutional environment, for example in the case of dealing with energy systems. In fact, if we look at energy systems as being an integral part of our society (socio-technical system), we also might assume that it will be more feasible to frame the phenomena of renewable energy development in a way that its social and spatial embeddedness are considered in planning (Pasqualetti 2011; Stremke & van den Dobbelsteen 2012; Bridge et al. 2013) . On this basis, we suggest to approach energy systems from the complex adaptive system´s perspective. In this regard, complex systems theory proves to be highly relevant for understanding of how complex, socio-technical energy systems evolve and continuously adapt to changing internal and external conditions as we are witnessing in everyday reality. Arguably, this perspective can promote interesting ways to frame the development of sustainable energy systems (i.e. renewable energy) and their (spatial) integration. Focus on the build-up processes of indigenous energy innovation capabilities for low-carbon development as part of "energy transition" where renewable energy and technology are perceived as active elements in the territory, offers potential for interventions that go far beyond business-as-usual planning methodologies.
Management of different activities to "set-up" processes related to the energy transition towards more sustainable energy can learn and draw inspiration from TM approach. Interestingly, TM is built upon the key notions of complex systems theory and governance based on complexity and uncertainty in order to guide and influence the course and pace of complex systems change. TM literature generally assumes that dealing with persistent, wicked problems such as climate change and energy transition is long-term and requires transitions. Moreover, it points out rather consistently that directing of such complex changes can be supported substantially by insights into general patterns of complex systems dynamics. In other words, TM attempts to overcome the conflict between long-term imperatives and short-term concerns" (Kemp & Loorbach 2006) . That being said, "transitions" can be understood as fundamental changes in the structure, culture, and practices of societal systems that cannot be controlled but might be influenced and guided -also with the assistance of TM. Consideration that energy transition consists of different phases is in place so the fact that different transition phases will probably require different strategies needs to be taken into account (Loorbach 2010; Rotmans et al. 2001a; Rotmans & Loorbach 2008) . At this point, we argue that bringing complexity-based, temporal perspective of TM together with "spatiality" of spatial planning can enrich spatial development practice and improve our understanding of how we can put our cities on a "smarter and sustainable" trajectory.
Hence, the theoretical premise is that bridging the gap between current planning and governance of energy transition (TM) in relation to the broader spatial-physical and socio-economic integration of RES into the territory can allow for more synergy and thus offer potential answers to these questions. This paper intends to argue that synergy stimulated by co-evolution between sustainable energy systems and their localized and supra-local context embodies the very idea of the smart city concept-a synergy between technology, environment and society.
Adding a spatial dimension to managing energy transition
The multi-level perspective has been used to describe and unfold structural innovations in socio-technical systems, or in other words, transitions to sustainability in socio-technical systems 3 . From the socio-technical perspective, technology is seen as "being formed by, and embedded within, particular economic, social, cultural and institutional structures and systems of beliefs" (Berkhout et al. 2004, p.5) . In fact, the energy system can be described as "all actors and artefacts that together produce the societal function of energy" (Verbong & Loorbach 2012, p.9) . In practice, the socialtechnical perspective can be illustrated at the example of social barriers related to the development of renewable energy, which can take many forms. The impacts of RES deployment on sustainability, individuals, communities and landscapes have often been underestimated yet the main focus has been on "hardware" solutions and their "economy". Such approach has often proved insufficient in terms of the integration of energy initiatives at multiple scales. Hence, a more inclusive approach which is prone to acceptance by the local society and less vulnerable for failure has been advocated elsewhere 4 . The emerging field of energy transitions presents us with interesting frameworks for guided change of socio-technical systems. These insights are particularly relevant in terms of our focus on the development and integration of sustainable energy systems. In this context, the multi-level perspective on transitions takes into account that nonlinear processes of change result from the interplay of developments at three qualitatively different scale levels and attends to the dynamic relationship between them:
• Micro level of niches, where innovations, norms, practices, alternatives and novelties emerge and eventually can form the seed for systemic change 5
• Meso level, occupied by a (socio-technical) regime. Regime can be described as the space of established practices and associated rules that form the stability of the socio-technical system 6 • Macro level, or (socio-technical) landscape. The exogenous level of landscape refers to overall societal setting (worldviews, paradigms) in which processes of change occur. Socio-technical landscape represents a wider context in which a regime and niches are embedded 7
The multi-level perspective as a leading theoretical framework on transitions maps the entire transition process, which is seen as a result of alignments between multiple developments at different levels, and brings innovative agency into play. The intermediate level of a regime is central in a way that the transition (systemic change) is viewed as a shift from one socio-technical regime to another, whereas both niche and landscape levels are characterized by their interactions with the regime level.
Hypothetically, a transition from centralized energy systems (e.g. based on fossil fuels and nuclear power) to a more differentiated and decentralized energy systems (e.g. relying largely on RES) can be envisioned as one of the alternative visions within the TM framework 8 . In this context, the multi-level perspective can help to map, analyse and explain how the variety of sustainable energy initiatives may emerge. That being said, TM framework holds the potential to provide spatial planning with deeper understanding on how can the build-up momentum connected to the niche level be facilitated, steered and influenced, which is in line with the focus of this research on the local-regional interface. The idea that (sustainable energy) niche development carried by local networks of actors, can be strategically managed and translated into the socio-technical regime is particularly compelling and offers a fertile ground for innovation in our spatial planning approaches. This corresponds quite well with the grounding perspective of this paper, which is determined rather by our niche-based approach and its emphasis on a local-regional interface -a smart city scale. In other words, the local level resembles the micro level of niches, which are 5 Niches can be considered as relatively protected "experimental settings" or "incubators" for innovation. Niches can be part of the higher scale level (regime), located on the periphery or outside of the existing regime/system (Kemp et al. 1998; Rotmans et al. 2001b ). 6 At the regime level, patterns of institutions, culture, practices, lifestyles, artefacts, rules and norms are aligned in a coherent and self-reinforcing way in order to perform economic and social activities (Berkhout et al. 2004) . Regime refers to the dominant culture, structure and practice embodied by physical and immaterial infrastructures patterns of institutions (D. Loorbach 2007b). 7 Socio-technical landscape consists of autonomous trends, paradigms and slow changes (e.g. geo-political dynamics, macroeconomic trends etc.) that are beyond the direct influence of a regime or niches. Therefore, landscape typically develops autonomously and changes more slowly, however, influences the dynamics at the lower levels (regime and niches) (D. Loorbach 2007b ). An example of a destabilizing element in the landscape is climate change.
situated at the base of a multi-level system, beneath incumbent socio-technical regimes and overarching landscapes (Smith 2007, p.1) . In this regard, the recognition of energy as a spatially determined socio-technical system is crucial. Embracing the niche-based perspective also implies to adopt a contextual, place-based approach in spatial planning. This concerns particularly our desire to support mapping and building of indigenous innovation capabilities (through learning, networking etc.) in the field of sustainable energy and to facilitate their spatial and socio-economic integration through the means of spatial planning. Indeed, this work embraces the idea that "sustainable energy niches" become much more meaningful:
• when niches and other energy initiatives make use of their unique contexts and its special qualities (territorial capital) 9 , • when they promote integration and sustainability -they should be based on an understanding of local needs, conditions, dynamics and potentials, and that includes local residents and stakeholders in a collaborative planning process, • when they activate area-based linkages from which both niches as well as the physical and socio-economic landscape in which they are located can benefit (synergy effects) -processes of co-evolution can be stimulated. • when they have the ambition of system innovations at higher levels.
From this perspective, niches develop largely within the constraints endowed by existing regional assets, however, their broader integration into the territory can eventually press for "reforms" at the regime level. In this regard, "better" spatial and socio-economic integration of niches might also create a window of opportunity for optimisation of renewable energy value chain and second-order learning between niches, empowering them (niche networking) and, in some cases, allows for their upscaling and diffusion. In addition to the focus of TM to attend to the dynamic patterns at and between different scale levels of socio-technical system, the proposition to entail the dimension of space in relation to the area-specific conditions of niches is in place. Given the contexts sketched above, the area-based framing of niches allows to make use of local or regional assets and advantages and hence also recognizes the multi-functional potential of sustainable energy developments (e.g. in relation to regional development). In other words, the ability of niches to "valorise" their unique context can be understood as one of the main drivers of their innovative capacity. The latter is a key point in relation to spatial planning, since the area-based understanding of niches reveals the potential to frame and conceptualize both innovation and integration of the energy initiatives in a more integrative manner -as spatially and socio-economically embedded phenomena. On this basis, the core assumption here is that if such "sustainable energy" niches were constructed appropriately, they would also have manifold synergy-effects towards sustainable spatial development.
Bluntly stated, the challenge for further research should are the niches, their development and co-evolution with their local and supra-local context in order to explore how to utilize bottom-up renewable energy developments in a more strategic way and optimize their value chain. Although the niche-based approach is built upon the TM framework, it differs in its focus since the TM deals with the management of the whole system. However, such bottom-up approach is limited in terms of its bias towards niche-driven processes, meaning that niche pressures on the regime are overly articulated. Therefore, attention needs to be paid also to ongoing processes at the regime and landscape level and subsequent reflection upon their spatial implications is essential. Indeed, niches can be incorporated into the existing regime and thus support it or even improve it. Moreover, we should not be blind about the possibility of innovations coming directly from the incumbent regime or other regimes. The role of both bottom-up and top-down influences that shape the regime needs to be incorporated in our considerations. However, all societal actors exert influence on transitions but no single actor is not capable to control the pace and direction of transitions entirely (Rotmans et al. 2001b ). Therefore, a balance between top-down and bottom-up elements within our approach to TM will be needed 10 . We also need to take into account that TM is a multifaceted research topic which has still a long way to go. The TM as both theoretical framework and exercise is still in its "beginnings" in the sense that there are still many opportunities to interrogate, revise and validate its perspectives before it can be considered part of main-stream science and applied with greater confidence (Genus & Coles 2008; Geels 2011) . Nevertheless, relatively robust foundations of the TM have been already laid and even empirically applied to several ongoing projects in different contexts. On this basis, a strong conclusion arises from the literature: the empirically driven methodology and integrative framework of TM can inform and assist a broad range of scientific disciplines as well as can be promoted as a potential guidance for planners and policy makers to learn and understand how they can contribute to the transition towards sustainable energy systems and hence towards smart city initiatives in a more structured, coordinated and sophisticated way at multiple levels.
